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Abstract 22 
The diversity of seaweed species of the south-western Antarctic Peninsula region is poorly 23 
studied, contrasting with the substantial knowledge available for the northern parts of the 24 
Peninsula. However, this is a key region affected by contemporary climate change. Significant 25 
consequences of this change include sea ice recession, increased iceberg scouring, and increased 26 
inputs of glacial melt water, all of which can have major impacts on benthic communities. We 27 
present a baseline seaweed species checklist for the southern Adelaide Island and northern 28 
Marguerite Bay region, combining data obtained during a small number of surveys completed in 29 
1973-5 and a six week intensive diving-based field campaign in 2010-2011. Overall, with a total 30 
of 41 macro-algal species recorded (7 brown, 27 red, 6 green, 1 chrysophyte), the region is 31 
species-poor compared to the north of the Antarctic Peninsula, and even more so in comparison 32 
with the sub-Antarctic. The key canopy-forming species is Desmarestia menziesii, which is 33 
abundant in Antarctic Peninsula waters, but lacking in the sub-Antarctic. Himantothallus 34 
grandifolius, which is a common species further north in the Antarctic phytobenthos, was absent 35 
in our recent collections. This paper also reports the first record of Aplanochytrium sp. 36 
(Labyrinthulomycetes) from this part of Antarctica and in association with Elachista sp.. 37 
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Introduction 42 
Seaweeds, in particular brown algae, are the major primary producers in temperate and 43 
polar rocky inshore environments. They are important contributors to global biogeochemical 44 
cycles, for instance through the transfer of iodine from the marine environment to the 45 
atmosphere and the land (Küpper et al. 2011). Compared to the sub-Antarctic region, the 46 
Antarctic is generally considered depauperate in terms of seaweed species diversity (Wiencke 47 
and Clayton 2002). Pioneering studies of Antarctic seaweed biodiversity, taxonomy and 48 
biogeography were conducted over a century ago by Skottsberg (1907), with a recent synopsis 49 
provided by Wiencke and Clayton (2002). Polar seaweeds show adaptations enabling survival in 50 
temperatures around freezing, and of months of winter darkness (Wiencke et al. 2009). In clear 51 
contrast to temperate and tropical bioregions, polar regions are characterized by an intertidal 52 
almost devoid of seaweeds. This is due to the extreme environmental conditions in the intertidal 53 
zone – with temperature extremes ranging from -50 to +5ºC (Peck et al. 2006; Waller et al. 2006) 54 
and strong impacts of abrasion by sea ice (Barnes and Souster 2011; Barnes et al. 2014). 55 
Remarkably, the Antarctic phytobenthos has no representatives of the Laminariales, which are 56 
present in Arctic and all other cold and cold-temperate bioregions of the world. Instead, their 57 
ecological niche and role, as canopy providers, is largely fulfilled by members of the 58 
Desmarestiales (Moe and Silva 1977). 59 
Climate change is altering parts of the Antarctic and Arctic faster than any other region 60 
on Earth. In the Antarctic, this applies particularly to the Antarctic Peninsula, where major 61 
changes have been observed in only the last 20-50 years (Meredith and King 2005; Turner et al. 62 
2009, 2013; Convey et al. 2009). Changes in the physical environment are characterized by 63 
increasing temperatures, receding sea ice cover and increased iceberg scouring of the inshore 64 
seabed caused by the combination of increased calving of shelf ice and glaciers coinciding with 65 
resulting icebergs being less restrained by sea ice (Barnes and Souster 2011; Barnes et al. 2014). 66 
Population expansions of alien microbes, fungi, plants and animals have been recorded in sub-67 
Antarctic and Antarctic areas, although most documented examples are from the terrestrial 68 
environment (Frenot et al. 2005; Greenslade et al. 2012; Molina-Montenegro et al. 2012). 69 
Southward range expansion into previously inaccessible or uninhabitable areas of the Antarctic 70 
has been documented for some penguins (Lynch et al. 2012) and has been highlighted as a likely 71 
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scenario for toxic cyanobacteria (Kleinteich et al. 2012). So far it is not clear whether, or to what 72 
extent, this also applies to sub-Antarctic and Antarctic seaweeds, but it is reasonable to 73 
hypothesize that such changes in distribution will occur in the foreseeable future. 74 
In this study, we have revisited the south-eastern Adelaide Island area, which has been 75 
much less studied in terms of seaweed diversity than the more northern regions of the Antarctic 76 
Peninsula. While numerous phycological investigators (DeLaca and Lipps 1976; Moe and De 77 
Laca 1976; Quartino et al. 2001; Wiencke and Clayton 2002; Oliveira et al. 2009) have worked 78 
in particular around King George Island and Anvers Island since the 1960s, and the region of 79 
Adelaide Island is well studied for other marine biota (Barnes and Brockington 2003; Smale et 80 
al. 2007), little consideration has been given to the seaweeds of the latter. In this respect, the 81 
work of Moe and DeLaca (1976) stands out in its extensive coverage of the western Antarctic 82 
Peninsula over a wide latitudinal gradient, including an unsurpassed number of study sites, and 83 
its relatively long duration. However, even though this remains the most comprehensive survey 84 
of the phytobenthos of the western Antarctic Peninsula to date, this study includes 24 recorded 85 
taxa from only three dives in the Adelaide Island / Marguerite Bay area.  86 
Here we present the results of a six week diving-based field campaign in the vicinity of 87 
Rothera Point (south-eastern Adelaide Island) in 2010-2011, integrating our data with that of 88 
Moe and DeLaca (1976). The main objective of this work was to establish an inventory for this 89 
region, where currently little knowledge about seaweed biodiversity exists. This will provide 90 
important baseline data for future biogeographical and comparative studies. Given that 91 
eukaryotic pathogens have been documented for most marine bioregions outside Antarctica (e.g. 92 
Strittmatter et al. 2009) and considering their potentially significant impact on seaweed ecology 93 
(Küpper and Müller 1999; Gachon et al. 2010), the seaweed survey presented here is 94 
complemented by the first ever such survey of filamentous brown algae for such pathogens in 95 
Antarctica. 96 
 97 
98 
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Material and Methods 99 
Nine sites were surveyed in the vicinity of the British Antarctic Survey’s Rothera 100 
Research Station (Adelaide Island): Anchorage Island, Biscoe Wharf, Cheshire Island, Hangar 101 
Cove, Honeybucket, Lagoon Island, Léonie Island, Shack’s Crack and South Cove (Fig. 1). A 102 
total of 17 scuba dives (duration 10-52 min, maximum depth 35.6 m) were conducted at all of 103 
these sites. Destructive purposive sampling took place along the full depth profile (0 – 35m). For 104 
safety reasons due to the presence of leopard seals, snorkeling was not permitted. 105 
Immediately following each day of diving herbarium specimens were prepared by 106 
mounting seaweed thalli on Bristol paper (Online Resource 1), or samples were fixed as 107 
permanent mounts on microscope slides, using acetocarmine (to preferentially stain for 108 
pathogens) and 50% Karo Syrup™ and subsequently sealed with nail polish once dried (Küpper 109 
and Müller 1999). They were deposited in the herbarium of the British Antarctic Survey (BAS, 110 
Cambridge, UK). Fragments of all specimens were kept in silica gel or CTAB buffer (Phillips et 111 
al. 2001), both of which conserve DNA for further molecular studies. Filamentous brown algae 112 
were surveyed for eukaryotic pathogens as described previously (Küpper and Müller 1999; 113 
Strittmatter et al. 2013). 114 
Given the limited time and logistic constraints at these remote locations, inevitably 115 
leading to a limited coverage of the smaller representatives of the flora, collections of seaweed 116 
specimens were supplemented by collections of substratum samples in sterile tubes. Following 117 
return to Europe and based upon a protocol developed for a similar study in the Juan Fernandez 118 
Islands (Müller and Ramirez 1994), these samples were incubated in Provasoli-enriched sea 119 
water (Starr and Zeikus 1993) under light and temperature regimes corresponding to their region 120 
of origin. Over approximately 3 months, they were monitored for algal outgrowth, from which 121 
unialgal isolates were made. Isolates were characterized and identified, both morphologically 122 
using a Zeiss PrimoVert™ inverted microscope and a Zeiss Axio Imager.D2™ compound 123 
microscope (Online Resource 2), and by DNA sequencing and comparison with published data. 124 
The isolates have been deposited in the Culture Collection of Algae and Protozoa (CCAP, Oban). 125 
DNA extractions were performed using CTAB buffer as described previously (Gachon et 126 
al. 2009). Polymerase chain reactions (PCR) were performed to amplify a fragment of nuclear 127 
ribosomal DNA containing 3’-SSU, ITS1, 5.8S, ITS2 and 5’-LSU, using the primer pair ITS-128 
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ITSPI/KIRI, ITSP1 (5’ GGAAGGAGAAGTCGTAACAAGG 3’; Tai et al. 2001) and KIR1 (5’ 129 
TTCAAAGTTTTGATGATT 3’; Lane et al. 2006), was used. PCR was carried out with an 130 
initial denaturation at 94˚C for 5 min, followed by 40 cycles of amplification consisting of 131 
denaturation at 94˚C for 30 sec, annealing at 45oC for 30 sec, and elongation at 72oC for between 132 
1 min. The 40 cycles were followed by a final extension at 72oC for 5 min. PCR amplification 133 
was performed in a total volume of 25 μL, containing 1.25 units of Taq DNA Polymerase 134 
(Promega), 1x GoTaq Buffer, 5mM MgCl2, 0.5mM dNTPs, 0.3mM of each primer and 1μL of 135 
template DNA. The alignment of each DNA sequence was conducted with the BioEdit Sequence 136 
Alignment Editor™ (Hall 1999). For identifying taxa, sequences were compared to published 137 
data by means of NCBI BLAST searches (Altschul et al. 1997). 138 
Identification of herbarium specimens and live cultures was conducted (Online Resource 139 
3) using available keys, in particular that of Wiencke and Clayton (2002). For present-day 140 
taxonomic and nomenclatural aspects AlgaeBase (Guiry & Guiry 2013) was consulted. 141 
Taxonomic details of species recorded by Moe and DeLaca (1976) have been updated (Table 1, 142 
see also Moe and Silva 1981; Moe 1986; Hommersand et al. 2009; Lin et al. 2012).  143 
Our study also used diversity data obtained in 1975 at three sites in the region of the 144 
2010-2011 sampling points, also sampled by scuba diving (maximum depth 33 m) (Moe and 145 
DeLaca 1976; Online Resource 4 ). These were Henkes Island (off the southern tip of Adelaide 146 
Island), Horseshoe Island and Square Bay (Fig. 1). 147 
Affinities of seaweed species composition in the three sites that were sampled by Moe 148 
and DeLaca in 1975 (Henkes Island, Horseshoe Island and Square Bay) and the seven sites of the 149 
current study (Anchorage Island, Biscoe Wharf, Cheshire Island, Hangar Cove, Honey-bucket, 150 
Shack's Crack and South Cove) were compared using the Sørensen similarity index (Sørensen 151 
1948). 152 
Permanent mounts of filamentous algae, prepared at Rothera were surveyed after the 153 
expedition using a ZEISS Axio imager D2™ compound microscope at magnifications of 40-154 
1000x, in search of novel pathogens and saprotrophs and imaged using Zeiss Zen 2011™ image 155 
processing software. Upon identification of organisms of interest, cultures were subjected to 156 
morphological examination, using a Zeiss Primo Vert™ inverted microscope initially to inspect 157 
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cultures and then by creating wet slides for investigation using the aforementioned compound 158 
microscope to try to reveal the affinities of these organisms. 159 
Cultures which revealed pathogenic / saprotrophic organisms were also investigated 160 
molecularly with the SSU rRNA of existing DNA extractions being amplified using the primer 161 
pair ALG1 & ALG8 (Moro et al. 2003). The resulting amplicon was then ligated into the pJet™ 162 
cloning vector following the protocol of the CloneJet™ PCR cloning kit (ThermoScientific) and 163 
transformed into competent Escherichia coli cells (ActivMotif™) using the supplied protocol, 164 
through heat shock utilizing a water bath. These cells were then plated onto LB media+Ampicillin 165 
and left at 37°C overnight according to the manufacturer’s instructions. Single colonies were 166 
picked and placed into a colony PCR using the pJet Forward™ and pJet Reverse™ sequencing 167 
primers. The PCR reaction was made up of 1x PCR buffer, 1.5 mM MgCl2, 8 mM dNTPs, 0.2 168 
mM primers and half a unit of GoTaq™ (Promega) in a 20 µl reaction, ran for 30 cycles (95°C-169 
30s, 60°C-30s, 72°C-60s) with an initial 95°C denaturation step for 3 minutes. No final 170 
extension step was employed. A 5 µl aliquot was then run on a 1% (w/v) agarose gel and a single 171 
reaction was purified using the GeneJet™ PCR purification kit and sent for sequencing using the 172 
Eurofins Value Read sequencing service, with primers ALG1 and ALG8, to obtain the brown 173 
algal SSU rRNA sequence. Following the tentative identification of Aplanochytrium sp., this 174 
sequence was placed in an alignment with Labyrinthulomycete sequences and restriction enzyme 175 
sites were located and assessed for conservations with the members of the labyrinthulomycetes. 176 
PleI (New England Biolabs) was then used to digest 5µl of the colony PCR product following 177 
the manufacturers guidelines (37°C 1hr) and representatives of each restriction pattern were sent 178 
for sequencing using the primers ALG1, ALG8 and internal sequencing primers F706 (5’-179 
TGTTGTCTCCAGCCATCC -3’) and R796 (5’- ATTTTTGGTCTCCAACGAGG -3’). 180 
Acquired ABI files were checked for quality, trimmed and aligned with one another using 181 
Bioedit (Hall 1999). A consensus sequence was then produced and the sequence was imported 182 
into an alignment, in MEGA 6.0, containing several members of the Labyrinthulomycetye class, 183 
specifically Aplanochytrium sp., Oblongichytrium sp. and Thraustochytrium sp., the accession 184 
numbers of sequences contained within the alignment can be found on the resulting cladogram 185 
(Fig. 2). Aplanochytrium minuta is listed in the NCBI database Labyrinthuloides minuta 186 
(L27634; Leander et al. 2004), the species name label was therefore changed in the alignment. 187 
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The cladogram was produced by firstly using the ClustalW alignment tool available in MEGA 188 
6.0 (Tamura et al. 2013) and manually checking the alignment to ensure parsimony. The 189 
alignment was then tested with a Tamura-Nei Maximum Likelihood model, with a Nearest 190 
Neighbour Interchange heuristic model. Gaps/missing data with a site coverage above 95% were 191 
treated as partial deletions and 1000 bootstraps were used as a test of phylogeny.  192 
 193 
Results  194 
All data on species encountered are provided in Table 1. A total of 110 macroalgal 195 
samples were collected, augmented by 3 live isolates from substratum samples. Among the 24 196 
species recorded in the vicinity of Rothera Point during the 2010-2011 field season (Table 1), six 197 
were Phaeophyceae (brown algae), 12 Rhodophyta (red algae), five Chlorophyta (green algae) 198 
and one Chrysophyceae (golden algae). Two taxa of Chlorophyta were only identified among the 199 
three live isolates obtained from substratum samples (confirmed by both morphological and 200 
molecular approaches), and constitute new records for this region.  201 
Sørensen’s Similarity Index (Table 3) showed very low overlap in species composition of 202 
the communities sampled in the current study and those sampled in 1975. The highest similarity 203 
that was recorded between the two campaigns was at Henkes Island (1975) and South Cove 204 
(2010-2011) with 3 shared species, Desmarestia menziesii, Plocamium cartilagineum and 205 
Trematocarpus antarcticus, and a similarity index value of 0.18. In contrast, the highest 206 
similarity between the sampled areas in this study (2010-2011) was observed between 207 
Honeybucket and South Cove with 9 shared species and a similarity index value of 0.69, but also 208 
between Cheshire Island and South Cove with 9 shared species and a similarity index of 0.6. 209 
A microscopic survey of filamentous brown algae (226 x Pylaiella sp., 58 x 210 
Geminocarpus sp., 1 x Elachista antarctica) did not reveal any unambiguous symptoms of 211 
eukaryotic pathogens, even though in several instances structures reminiscent of early-stage 212 
infections of Eurychasma dicksonii or Anisolpidium sp. were observed. Observations of 213 
permanent mounts of E. antarctica revealed single cells, not of algal origin, attached to the 214 
surface of algal filaments. Dimensions of the cells are approximately 35 µm in diameter. This, 215 
together with other morphological features comparable to previous reports of the 216 
labyrinthulomycete class (Moro et al. 2003; Damare and Raghukumar 2006) such as the presence 217 
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of an ectoplasmic net (Fig. 2 B, arrowed), which does not enrobe the cell (i.e. Labyrinthula sp.; 218 
Leander et al. 2004), led to the tentative identification of the organism as an Aplanochytrium. and 219 
is seen to attach the cells to the brown algal filament. Evidence for the association of this cell 220 
with the brown algal filament includes the observation that the cell was not washed away during 221 
the creation of permanent mounts, something that occurs to small organic matter that is not 222 
attached to the main body of the filament during permanent mount preparation. Due to the nature 223 
of the observations (i.e. within a permanent mount) the investigation of cellular movement along 224 
the ectoplasmic net and spore generation was not possible. Whether the processing of this 225 
material to permanent mounts has any effect upon the dimensions of the Aplanochytrium 226 
cell/ectoplasmic net is unknown. A 1635 base pair SSU rRNA sequences was successfully 227 
obtained from the organism under study here, which is shown to branch within the 228 
Aplanochytrium clade (94/100). The specimen appears to be a basal species of this genus, sitting 229 
on a long branch at an equal distance from all other Aplanochytrium sp. (97/100) (Fig. 3). The 230 
cladogram has been coded to allow easy interpretation of linkage between species. From this it 231 
can be noted that the substrate of the Aplanochytrium specimen can be a good indicator of its 232 
relations with other species, yet this new specimen, does not appear to have any close affinities 233 
to A Aplanochytrium stocchinoi previously isolated from Antarctica or Aplanochytrium sp. PR1-234 
1 (A. minuta) previously isolated from brown algae. 235 
 236 
Discussion 237 
Seaweed biodiversity. The Antarctic is generally known for its low diversity of marine 238 
algae, attributed to the presence of sea ice and icebergs for much of the year. Comparison of the 239 
records from 2010-2011 with the previous 1975 study (Moe and DeLaca 1976) reveals a number 240 
of new records for this part of the Antarctic Peninsula, both at species and genus level (18 241 
species and 14 genera; Table 1). The new records include four brown, eight red, five green and 242 
one golden algae. Seven species were observed in both sampling campaigns, separated by 35 243 
years, while 18 species were only observed in 1975 and 18 species were only observed in 2010-244 
2011. 245 
Only three species in total grew in the incubated substratum samples in which common 246 
Antarctic species, particularly gametophytes of Desmarestia, were missing. It is possible that the 247 
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latter and other particularly temperature-sensitive Antarctic endemics (Wiencke and Tom Dieck 248 
1989, 1990; Wiencke et al. 1994) did not survive the conditions during transport to the European 249 
laboratory. The fact that two Chlorophyte taxa were not seen macroscopically in situ but 250 
emerged from incubated substratum samples underlines the value of isolation / culturing work to 251 
underpin macroalgal biodiversity surveys especially in remote regions and demonstrates that the 252 
taxa were present at least as propagules if not as full-grown thalli. For one of these isolates, the 253 
most similar available ITS1 sequence (Ulvella leptochaete) had only 82% similarity, and future 254 
studies on the variability of ITS1 in these microscopic taxa may show whether it rather belongs 255 
to a related species. The second green alga and the brown alga were clearly identified to species 256 
level, as their ITS1 sequences were highly similar to previously sequenced specimens (Table 2). 257 
Confidence in molecular identification of these samples is high since all taxa had been collected 258 
and sequenced before from localities outside Antarctica. These sequences identities were then 259 
strongly correlated with morphological characters, ensuring that no doubt remains over the 260 
identities subscribed here.  261 
The datasets available at the current time are clearly not sufficiently robust to support 262 
speculation on whether the largely non-overlapping data obtained in the two surveys are 263 
representative of genuine differences in diversity between the sampled areas or of any response 264 
to environmental changes in the general region. It has to be highlighted that due to logistical 265 
reasons, the sampling sites in 2010-2011 were not the same as those surveyed in the region in 266 
1975, and there is also a lack of detailed information on habitat conditions at any of these 267 
locations. As potential explanations we propose the following hypotheses: (1) limited range and 268 
number of surveys (especially in 1975, when only 3 dives were conducted in this region); (2) 269 
large variation between sites; (3) local loss of species observed in 1975, and replacement by the 270 
species found in the current study. Lack of both baseline and repeat survey data are increasingly 271 
recognized as a fundamental impediment to Antarctic biodiversity and biogeographical research 272 
(Convey 2011; Convey et al. 2012). In this context, the combined records of both campaigns 273 
presented here represent a useful dataset and checklist for future comparative studies aimed at 274 
assessing the impact of climate or other changes on benthic communities. For most regions of the 275 
world, there are few historic datasets of seaweed biodiversity (e.g. Asensi and Küpper 2012). In 276 
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this context, the value of records such as those of Lamb and Zimmerman (1977) and Moe and 277 
DeLaca (1976) for the Antarctic Peninsula cannot be overestimated. 278 
Pathogenic and saprotrophic organisms on Antarctic seaweeds. The question as to 279 
whether eukaryotic pathogens occur in Antarctica in epidemic outbreaks similar to those reported 280 
from temperate latitudes (Küpper and Müller 1999; Strittmatter et al. 2013) cannot be 281 
conclusively answered as no pathogens were observed – however, it is well known that such 282 
outbreaks are sporadic (Küpper and Müller 1999) and the period of the survey may have been 283 
too short. Instead further sampling at other sites and during other seasons should be seen as an 284 
important step to unveiling the potential role that algal pathogens play in Antarctic seaweed 285 
ecology. 286 
Significant to this study is the finding of a presumed saprotrophic Aplanochytrium 287 
species upon E. antarctica. This genus diagnosis is completed by the morphological 288 
characteristics presented here, with the presence of an ectoplasmic net (Fig. 2), not encasing the 289 
spore, being the defining feature of this genus from other members of the labyrinthulomycte 290 
class (Leander and Porter 2001, Leander et al. 2004). Though members of the genus 291 
Aplanochytrium have been previously recorded from Antarctica (Moro et al. 2003) and upon a 292 
brown alga (Leander et al. 2004), respectively, this finding is still of significant interest because 293 
the specimen under investigation here appears to fall on a long branch an equal distance away 294 
from the previously surveyed species (Fig.2). Given that all 8 previously described species have 295 
yet to be molecularly characterized, it is conceivable that it does fall within one of these, 296 
however as only the previously surveyed A. minuta has been described in association with brown 297 
algae (Leander et al. 2004), it does seem possible that the organism observed in this study may 298 
constitute a new species. Unfortunately isolation attempts of this organism were not successful 299 
so far and only a single permanent mount is currently available for morphological 300 
characterization, it is not suitable here to attempt to attribute a species name. The specimen here 301 
is presumed saprotrophic, as the majority of previously reported interactions between 302 
Aplanochytium and algae/seagrasses are (Tsui et al. 2009), however given the 303 
pathogenic/predator-prey/commensalist relationship Aplanochytrium species have with 304 
zooplankton (Damare and Ragkhumar 2010, Damare et al. 2013), it is possible that the specimen 305 
investigated here has other affinities with the algal substrate. Indeed this would be a suitable line 306 
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of enquiry, should this species, or a similar species of the same lineage, be successfully isolated 307 
in the future. 308 
 309 
Climate change. Antarctic seaweeds display plasticity and adaptability in response to 310 
extreme environmental conditions such as low temperatures and limited light availability 311 
(Wiencke and Amsler 2012). It is important to examine how environmental alterations, such as 312 
those caused by climate change, are going to affect algal seasonality, depth zonation and 313 
biogeography. As sea ice extent reduces along the Antarctic Peninsula (Turner et al. 2013), sub-314 
Antarctic seaweeds can be expected to migrate to more southerly regions. When assessing the 315 
further consequences of these developments, the role of algal communities in structuring food 316 
webs - especially of the zoobenthos – must be considered (Wiencke 1996). In the Antarctic, 317 
shallow water benthic macroalgal communities are strongly affected by the grazing pressure of 318 
amphipods. Filamentous algae can therefore be found mostly in the intertidal zone where 319 
amphipods are rare (Amsler et al. 2011). The disappearance of sea ice, leading to increased light 320 
availability but also to increased habitat instability and damage through ice scouring, is therefore 321 
likely to alter the distribution and depth zonation of filamentous macroalgae, with knock-on or 322 
reciprocal effects on amphipod population density. 323 
It should also be highlighted that species numbers from limited collections alone cannot 324 
be considered as a reliable proxy to estimate changes in algal communities impacted by climate 325 
change over a time span of several decades. In this context, local processes such as retreating 326 
glaciers with subsequent changes in bottom and water column characteristics (e.g. turbidity) can 327 
cause changes in local biodiversity (Quartino et al. 2013). Further analyses of present-day 328 
patterns of composition and distribution along environmental gradients (e.g. depth) or spatial 329 
scales could enable detection of differences with previous surveys. 330 
The decline in sea ice cover off the Western Antarctic Peninsula, along with increasing 331 
atmospheric temperatures, has consequences for populations of marine biota, including several 332 
keystone species (Meredith and King 2005). The large brown algae Himantothallus grandifolius 333 
and Ascoseira mirabilis are major structuring elements of seaweed communities in the northern 334 
part of the Antarctic Peninsula. They are not widely established in the Adelaide Island area (there 335 
is only a single record of H. grandifolius from Henkes Islands in 1975, and none from the area in 336 
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2010-2011) but, as canopy-forming species, their arrival and more widespread occurrence would 337 
mark a major change in the phytobenthos. At present, the only dominant, large canopy-forming 338 
species around Adelaide Island is Desmarestia menziesii. Even though reported by Moe and 339 
DeLaca (1976), this species is thought anecdotally to have increased in abundance in the last 10 340 
years (unpublished observations by divers of the British Antarctic Survey at Rothera).  341 
 342 
Acknowledgements 343 
We are grateful to the UK Natural Environment Research Council for funding to FCK, in 344 
particular through WP 4.5 of Oceans 2025 to the Scottish Association for Marine Science, and 345 
through the Antarctic Funding Initiative Collaborative Gearing Scheme (grant CGS-70, 2010, to 346 
FCK and PC). PvW acknowledges funding from the BBSRC, NERC and the University of 347 
Aberdeen. PC is supported by NERC funding to the BAS core programme Ecosystems, while 348 
PB, AM and FCK would like to thank the Joint Nature Conservancy Council for funding 349 
support. 350 
We thank David Smyth, Jonathan James, John Withers and Terrie Souster (British 351 
Antarctic Survey) for support with diving operations around Rothera in December 2010 and 352 
January 2011, Matt von Tersch (BAS), Sharon Duggan (BAS) and Julia Kleinteich (University 353 
of Konstanz) for support with logistics and lab work while at Rothera. We are grateful to 354 
Konstantinos Tsiamis (Hellenic Centre for Marine Research, Anavyssos) for help with 355 
identifying seaweed specimens. We also thank Richard Moe for critically reading the 356 
manuscript, and three anonymous reviewers for helpful suggestions. Finally, special thanks are 357 
due to Dawn Shewring for support with algal culturing and molecular work.358 
 14 
 
References 359 
Altschul SF, Madden TL, Schäffer AA, Zhang J, Zhang Z, Miller W, Lipman DJ (1997) Gapped 360 
BLAST and PSI-BLAST: a new generation of protein database search programs. Nucl Ac 361 
Res 25: 3389–3402 362 
Amsler CD, McClintock JB, Baker BJ (2011) Amphipods exclude filamentous algae from the 363 
Western Antarctic Peninsula benthos: experimental evidence. Polar Biol 35:171–177. doi: 364 
10.1007/s00300-011-1049-3 365 
Asensi AO, Küpper FC (2012) Seasonal periodicity and reproduction of brown algae 366 
(Phaeophyceae) at Puerto Deseado (Patagonia). Bot Mar 55:217–228. doi: 10.1515/bot-367 
2012-0002 368 
Bahnweg G, Sparrow FK (1972). Aplanochytrium kerguelensis gen. nov. spec. nov., a new 369 
phycomycete from subantarctic waters. Arch Mikrobiol 81: 45-49 370 
Barnes DKA, Brockington S (2003) Zoobenthic biodiversity, biomass and abundance at 371 
Adelaide Island, Antarctica. Mar Ecol Prog Ser 249: 145-155 372 
Barnes DKA, Fenton M, Cordingley A (2014) Climate-linked iceberg activity massively reduces 373 
spatial competition in Antarctic shallow waters. Curr Biol. 24: R553-R554 374 
doi:10.1371/journal.pone.0004385.8. 375 
Barnes DKA, Souster T (2011) Reduced survival of Antarctic benthos linked to climate-induced 376 
iceberg scouring. Nat Clim Chang 1:365–368. doi: 10.1038/nclimate1232 377 
Convey P (2011) Antarctic terrestrial biodiversity in a changing world. Polar Biol 34:1629–1641. 378 
Convey P, Barnes DKA, Griffiths HJ, Grant SM, Linse K, Thomas DN (2012) Biogeography 379 
and regional classifications of Antarctica. . In: Rogers AD, Johnston NM, Murphy E, Clarke 380 
A (eds) Antarct. An Extrem. Environ. a Chang. World. Blackwell, Oxford, pp 471–491 381 
De Laca TE, Lipps JH (1976) Shallow-water marine associations, Antarctic Peninsula. Antarct J 382 
US 11:12–20. 383 
Frenot Y, Chown SL, Whinam J, Selkirk PM, Convey P, Skotnicki M, Bergstrom DM (2005) 384 
Biological invasions in the Antarctic: extent, impacts and implications. Biol Rev Camb 385 
Philos Soc 80:45–72. 386 
Gachon CMM, Sime-Ngando T, Strittmatter M, Chambouvet A, Kim GH (2010) Algal diseases: 387 
spotlight on a black box. Trends Plant Sci 15: 633-640. 388 
 15 
 
Gachon CMM, Strittmatter M, Müller DG, Kleinteich J, Küpper FC (2009) Detection of 389 
differential host susceptibility to the marine oomycete pathogen Eurychasma dicksonii by 390 
real-time PCR: not all algae are equal. Appl Environ Microbiol 75:322–8. doi: 391 
10.1128/AEM.01885-08 392 
Greenslade P, Potapov M, Russell D, Convey P (2012) Global Collembola on Deception Island. 393 
J Insect Sci 12:111. doi: 10.1673/031.012.11101 394 
Guiry MD, Guiry GM (2012). AlgaeBase. World-wide electronic publication. National 395 
University of Ireland, Galway (Accessed 20 January 2014). Retrieved from 396 
http://www.algaebase.org 397 
Hall TA (1999) BioEdit: a user-friendly biological sequence alignment editor and analysis 398 
program for Windows 95/98/NT. Nucl Ac Symp Ser 41:95–98. doi: citeulike-article-399 
id:691774 400 
Hill PW, Farrar J, Roberts P, Farrell M,  Grant H, Newsham KK, Hopkins DW, Bardgett RD, 401 
Jones DL (2011) Vascular plant success in a warming Antarctic may be due to efficient 402 
nitrogen acquisition. Nat Clim Chang 1:50–53. doi: 10.1038/nclimate1060 403 
Hommersand MH, Moe RL, Amsler CD, Fredericq S (2009) Notes on the systematics and 404 
biogeographical relationships of Antarctic and sub-Antarctic Rhodophyta with descriptions 405 
of four new genera and five new species. Bot Mar 52:509–534. doi: 10.1515/BOT.2009.081 406 
Jackson JB, Kirby MX, Berger WH, Bjorndal KA, Botsford LW, Bourque BJ, Bradbury RH, 407 
Cooke R, Erlandson J, Estes JA, Hughes TP, Kidwell S, Lange CB, Lenihan HS, Pandolfi 408 
JM, PetersonCH, Steneck RS, TegnerMJ, Warner RR (2001) Historical overfishing and the 409 
recent collapse of coastal ecosystems. Science 293:629–37. doi: 10.1126/science.1059199 410 
Jackson JBC (2008) Ecological extinction and evolution in the brave new ocean. PNAS 411 
105:11458–11465. 412 
Kleinteich J, Wood SA, Küpper FC, Camacho A, Quesada A,  Frickey T, Dietrich DR (2012) 413 
Temperature-related changes in polar cyanobacterial mat diversity and toxin production. 414 
Nat Clim Change 2:356–360. doi: 10.1038/nclimate1418 415 
Knowlton N, Jackson JBC (2008) Shifting baselines, local impacts, and global change on coral 416 
reefs. PLoS Biol 6:e54. doi: 10.1371/journal.pbio.0060054 417 
Küpper FC, Feiters MC, Olofsson B, Kaiho T, Yanagida S, Zimmermann MB, Carpenter LJ, 418 
Luther III GW, Lu Z, Jonsson M, Kloo L (2011) Commemorating two centuries of iodine 419 
research: an interdisciplinary overview of current research. Angew Chem Int Ed Engl 420 
50:11598–620. doi: 10.1002/anie.201100028 421 
 16 
 
Küpper FC, Müller DG (1999) Massive occurrence of the heterokont and fungal parasites 422 
Anisolpidium, Eurychasma and Chytridium in Pylaiella littoralis (Ectocarpales, 423 
Phaeophyceae). Nova Hedwigia 69:381–389. 424 
Lamb MI, Zimmerman MH (1977) Benthic marine algae of the Antarctic Peninsula. Antarct Res 425 
Ser 23:129–229. 426 
Lane CE, Mayes C, Druehl LD, Saunders GW (2006) A multi-gene molecular investigation of 427 
the kelp (Laminariales, Phaeophyceae) supports substantial taxonomic re-organization. J 428 
Phycol 42:493–512. doi: 10.1111/j.1529-8817.2006.00204.x 429 
Leander C a., Porter D, Leander BS (2004) Comparative morphology and molecular phylogeny 430 
of aplanochytrids (Labyrinthulomycota). Eur J Protistol 40:317–328. doi: 431 
10.1016/j.ejop.2004.07.003 432 
Leander CA, Porter D (2001). The Labyrinthulomycota is comprised of three distinct 433 
lineages. Mycologia 93: 459-464 434 
Lin S-M, Fredericq S, Hommersand MH (2012) Molecular phylogeny and developmental studies 435 
of Apoglossum and Paraglossum (Delesseriaceae, Rhodophyta) with a description of 436 
Apoglosseae trib. nov. Eur J Phycol 47:366–383. doi: 10.1080/09670262.2012.719164 437 
Lynch HJ, Naveen R, Trathan PN, Fagan WF (2012) Spatially integrated assessment reveals 438 
widespread changes in penguin populations on the Antarctic Peninsula. Ecology 93:1367–439 
77. 440 
Meredith MP, King JC (2005) Rapid climate change in the ocean west of the Antarctic Peninsula 441 
during the second half of the 20th century. Geophys Res Lett 32:1–5. doi: 442 
10.1029/2005GL024042 443 
Moe RL (1986) Notophycus fimbriatus (Solieriaceae), a new genus and species of marine 444 
Rhodophyceae from the Antarctic Peninsula. Phycologia 25:544–550. doi: 10.2216/i0031-445 
8884-25-4-544.1 446 
Moe RL, DeLaca TE (1976) Occurrence of macroscopic algae along the Antarctic Peninsula. 447 
Antarct J US 11:20–24. 448 
Moe RL, Silva PC (1977) Antarctic marine flora - uniquely devoid of kelp. Science 196: 1206-449 
1208. 450 
Moe RL, Silva PC (1981) Morphology and taxonomy of Himantothallus (including 451 
Phaeoglossum and Phyllogiga), an Antarctic member of the Desmarestiales 452 
(Phaeophyceae). J Phycol 17:15–29. 453 
 17 
 
Molina-Montenegro MA, Carrasco-Urra F, Rodrigo C, Convey P, Valladares F, Gianoli E (2012) 454 
Occurrence of the non-native annual bluegrass on the Antarctic mainland and its negative 455 
effects on native plants. Conserv Biol 26:717–23. doi: 10.1111/j.1523-1739.2012.01865.x 456 
Moro I, Negrisolo E, Callegaro A, Andreoli C (2003) Aplanochytrium stocchinoi: a New 457 
Labyrinthulomycota from the Southern Ocean (Ross Sea, Antarctica). Protist 154:331–340. 458 
Müller DG, Ramirez ME (1994) Filamentous Brown Algae from the Juan Fernandez 459 
Archipelago (Chile): Contribution of Laboratory Culture Techniques to a Phytogeographic 460 
Survey. Bot Mar 37:205–211. 461 
Olech M, Chwedorzewska KJ (2011) Short Note: The first appearance and establishment of an 462 
alien vascular plant in natural habitats on the forefield of a retreating glacier in Antarctica. 463 
Antarct Sci 23:153–154. doi: 10.1017/S0954102010000982 464 
Oliveira EC, Absher TM, Pellizzari FM, Oliveira MC (2009) The seaweed flora of Admiralty 465 
Bay, King George Island, Antarctic. Polar Biol 32:1639–1647. doi: 10.1007/s00300-009-466 
0663-9 467 
Peck LS, Convey P, Barnes DKA (2006) Environmental constraints on life histories in Antarctic 468 
ecosystems: tempos, timings and predictability. Biol Rev Camb Philos Soc 81:75–109. doi: 469 
10.1017/S1464793105006871 470 
Peters AF (2003) Molecular identification, distribution and taxonomy of brown algal 471 
endophytes, with emphasis on species from Antarctica. Oxford University Press, 198 472 
Madison Avenue, New York, NY, 10016, USA. 473 
Phillips N, Smith CM, Morden CW (2001) An effective DNA extraction protocol for brown 474 
algae. Phycol Res 49:97–102. 475 
Quartino ML, Deregibus D, Campana GL, Latorre GEJ, Momo FR (2013) Evidence of 476 
macroalgal colonization on newly ice-free areas following glacial retreat in Potter Cove 477 
(South Shetland Islands), Antarctica. PLoS ONE 8: e58223. 478 
doi:10.1371/journal.pone.0058223 479 
Quartino M, Klöser H, Wiencke C, Schloss I (2001) Biomass and associations of benthic marine 480 
macroalgae from the inner Potter Cove (King George Island, Antarctica) related to depth 481 
and substrate. Polar Biol 24:349–355. doi: 10.1007/s003000000218 482 
Skottsberg C (1907) Zur Kenntnis der subantarktischen und antarktischen Meeresalgen. I. 483 
Phaeophyceen.- Stockholm: Kungl. Boktryckeriet PA. Norstedt Söner 484 
Smale DA, Barnes DKA, Fraser KPP (2007) The influence of ice scour on benthic communities 485 
at three contrasting sites at Adelaide Island, Antarctica. Austral Ecol 32: 878-888 486 
 18 
 
Sørensen T (1948). A method of establishing groups of equal amplitude in plant sociology based 487 
on similarity of species content. In Kongelige Danske Videnskabernes Selskab. Biol. 488 
Skrifter . pp. 1– 16.  489 
Starr RC, Zeikus JA (1993) UTEX--The Culture Collection of Algae at The University of Texas 490 
at Austin. 1993 The list of cultures. J Phycol 29:1–106. 491 
Strittmatter M, Gachon CMM, Küpper FC (2009) Ecology of lower oomycetes. In: Lamour K, 492 
Kamoun S, eds. Oomycete Genetics and Genomics: Diversity, Plant and Animal 493 
Interactions, and Toolbox. Hoboken, New Jersey: John Wiley and Sons, pp 25-46. 494 
Strittmatter M, Gachon CMM, Müller DG, et al. (2013) Intracellular eukaryotic pathogens in 495 
brown macroalgae in the Eastern Mediterranean, including LSU rRNA data for the 496 
oomycete Eurychasma dicksonii . Dis Aquat Organ 104:1–11. doi: 10.3354/dao02583 497 
Tai V, Lindstrom SC, Saunders GW (2001) Phylogeny of the Dumontiaceae (Gigartinales, 498 
Rhodophyta) and associated families based on SSU rDNA and internal transcribed spacer 499 
sequence data. J Phycol 196:184–196. 500 
Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013). MEGA6: Molecular 501 
Evolutionary Genetics Analysis Version 6.0. Mol Biol Evol 30: 2725-2729 502 
Tsui, CKM, Marshall W, Yokoyama R, Honda D, Lippmeier JC, Craven KD, Peterson PD, 503 
Berbee ML (2009). Labyrinthulomycetes phylogeny and its implications for the 504 
evolutionary loss of chloroplasts and gain of ectoplasmic gliding. Mol Phylog Evol 50: 129-505 
140 506 
Turner J, Barrand N, Bracegirdle T et al (2013) Antarctic climate change and the environment: 507 
an update. Polar Rec (Gr Brit) 1–23. doi: 10.1017/S0032247413000296 508 
Turner J, Bindschadler RA, Convey P, Di Prisco G, Fahrbach E, Gutt J, Hodgson DA, Mayewski 509 
PA, and Summerhayes CP (2009) Antarctic climate change and the environment. Antarct 510 
Sci 21:541. doi: 10.1017/S0954102009990642 511 
Turner J, Bindschadler RA, Convey P et al (2009) Antarctic Climate Change and the 512 
Environment. SCAR, Cambridge, pp 526. 513 
Ulken A, Jiickle I, Bahnweg G (1985) Morphology, nutrition and taxonomy of an 514 
Aplanochytrium sp. from the Sargasso Sea. Mar Biol 85:89–95. 515 
Waller CL, Barnes DK, Convey P (2006) Ecological contrasts across an Antarctic land–sea 516 
interface. Austral Ecol 31:656–666. doi: 10.1111/j.1442-9993.2006.01618.x 517 
Wiencke C (1996) Recent advances in the investigation of Antarctic macroalgae. Polar Biol 518 
16:231–240. doi: 10.1007/s003000050049 519 
 19 
 
Wiencke C, Amsler CD (2012) Seaweeds and Their Communities in Polar Regions. In: Wiencke 520 
C, Bischof K (eds) Seaweed Biol. Springer Berlin Heidelberg, Berlin, Heidelberg, pp 265–521 
292 522 
Wiencke C, Bartsch I, Bischoff B, Peters AF, Breeman AM (1994) Temperature requirements 523 
and biogeography of Antarctic, Arctic and amphiequatorial seaweeds. Bot Mar 37: 247-259. 524 
Wiencke C, Clayton MN (2002) Antarctic seaweeds. A.R.G. Gantner Verlag KG 525 
Ruggell/Lichtenstein 526 
Wiencke C, Gómez I, Dunton K (2009) Phenology and seasonal physiological performance of 527 
polar seaweeds. Bot Mar 52:585–592. doi: 10.1515/BOT.2009.078 528 
Wiencke C, tom Dieck I (1989) Temperature requirements for growth and temperature tolerance 529 
of macroalgae endemic to the Antarctic region. Mar Ecol Prog Ser 54: 189-197. 530 
Wiencke C, tom Dieck I (1990) Temperature requirements for growth and survival of 531 
macroalgae from Antarctica and southern Chile. Mar Ecol Prog Ser 59: 157-170. 532 
533 
 2
0
 
 T
a
b
le
 1
. 
T
ax
a 
re
co
rd
ed
 i
n
1
9
7
5
 a
n
d
 2
0
1
0
-2
0
1
1
 a
ro
u
n
d
 t
h
e 
S
o
u
th
w
es
t 
A
n
ta
rc
ti
c 
P
en
in
su
la
 (
A
d
el
ai
d
e 
Is
la
n
d
 /
 M
ar
g
ar
et
 B
ay
).
  
5
3
4
 
T
ax
a 
in
 b
o
ld
: 
N
e
w
 r
e
c
o
r
d
s 
o
f 
se
a
w
e
e
d
 t
a
x
a
 f
o
r
 t
h
e
 A
d
e
la
id
e
 I
sl
a
n
d
 /
 M
a
r
g
u
e
r
it
e
 B
a
y
 r
e
g
io
n
 i
n
 2
0
1
0
-2
0
1
1
. 
T
h
ir
d
 c
o
lu
m
n
 (
M
L
/n
o
w
/b
o
th
):
 T
h
is
 i
n
d
ic
at
es
 w
h
et
h
er
 a
 t
a
x
o
n
 w
a
s 
o
n
ly
 r
ec
o
rd
ed
 b
y
 M
o
e 
5
3
5
 
&
 D
e 
L
ac
a
 1
9
7
5
 (
“M
L
”)
, 
o
n
ly
 b
y
 t
h
e 
in
v
es
ti
g
at
o
rs
 o
f 
th
is
 s
tu
d
y
 (
“
n
o
w
”)
 o
r 
b
y
 b
o
th
 s
u
rv
ey
s 
(“
b
o
th
”)
. 
5
3
6
 
T
a
x
a
 
P
h
y
lu
m
 /
 C
la
ss
 
  
L
o
ca
ti
o
n
s 
1
9
7
5
 
L
o
ca
ti
o
n
s 
2
0
1
0
-2
0
1
1
 
T
a
x
a
 
P
h
y
lu
m
 /
 C
la
ss
 
M
L
/n
o
w
/b
o
th
  
H
en
k
es
 
Is
la
n
d
 
H
o
rs
es
h
o
e 
Is
la
n
d
 
S
q
u
a
re
 B
a
y
 
A
n
ch
o
ra
g
e 
Is
la
n
d
 
B
is
co
e 
W
h
a
r
f 
C
h
es
h
ir
e 
Is
la
n
d
 
H
a
n
g
a
r 
C
o
v
e 
H
o
n
ey
-
b
u
ck
et
 
S
h
a
ck
's
 
C
r
a
ck
 
S
o
u
th
 C
o
v
e
 
A
d
en
o
cy
st
is
 u
tr
ic
u
la
ri
s 
(B
o
ry
 d
e 
S
a
in
t-
V
in
ce
n
t)
 S
k
o
tt
sb
er
g
 
P
h
ae
o
p
h
y
ce
ae
 
n
o
w
 
  
  
  
X
 
  
  
  
X
 
 
X
 
A
n
ta
rc
to
sa
cc
io
n
 a
p
p
la
n
a
tu
m
 (
G
a
in
) 
D
el
ép
in
e 
C
h
ry
so
p
h
y
ce
ae
 
n
o
w
 
  
  
  
X
 
  
X
  
  
  
 
  
B
a
ll
ia
 c
a
ll
it
ri
ch
a
 (
C
.A
g
ar
d
h
) 
K
ü
tz
in
g
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
C
a
ll
o
p
h
yl
li
s 
sp
. 
K
ü
tz
in
g
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
  
X
 
  
  
  
  
  
 
  
C
a
p
so
si
p
h
o
n
 g
ro
en
la
n
d
ic
u
s 
(J
.A
g
a
rd
h
) 
K
.L
.V
in
o
g
ra
d
o
v
a
 #
 
C
h
lo
ro
p
h
y
ta
 
n
o
w
 
  
  
  
  
  
  
  
  
 
X
 
C
la
th
ro
m
o
rp
h
u
m
 s
p
. 
F
o
sl
ie
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
C
o
d
io
lu
m
 s
p
. 
A
.B
ra
u
n
 
C
h
lo
ro
p
h
y
ta
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
C
u
rd
ie
a
 r
a
co
vi
tz
a
e 
H
ar
io
t 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
D
es
m
a
re
st
ia
 m
en
zi
es
ii
 J
.A
g
ar
d
h
 
P
h
ae
o
p
h
y
ce
ae
 
b
o
th
 
X
 
  
  
  
X
 
X
 
  
X
 
 
X
 
E
la
ch
is
ta
 a
n
ta
rc
ti
ca
 S
k
o
tt
sb
er
g
 #
 
P
h
ae
o
p
h
y
ce
ae
 
n
o
w
 
  
  
  
  
  
X
 
  
  
 
X
 
G
em
in
o
ca
rp
u
s 
a
u
st
ro
g
eo
rg
ia
e 
S
k
o
tt
sb
er
g
 $
 
P
h
ae
o
p
h
y
ce
ae
 
n
o
w
 
  
  
  
  
X
 
X
 
  
X
 
 
X
 
G
em
in
o
ca
rp
u
s 
g
em
in
a
tu
s 
(J
.D
.H
o
o
k
er
 &
 
H
ar
v
ey
) 
S
k
o
tt
sb
er
g
 
P
h
ae
o
p
h
y
ce
ae
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
H
im
a
n
to
th
a
ll
u
s 
g
ra
n
d
if
o
li
u
s 
(A
.G
ep
p
 &
 
E
.S
.G
ep
p
) 
Z
in
o
v
a*
 
P
h
ae
o
p
h
y
ce
ae
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
H
ym
en
o
cl
a
d
ia
 s
p
. 
J.
A
g
ar
d
h
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
H
ym
en
o
cl
a
d
io
p
si
s 
cr
u
st
ig
en
a
 R
.L
.M
o
e 
R
h
o
d
o
p
h
y
ta
 
n
o
w
 
  
  
  
X
 
X
 
X
 
  
  
X
 
X
 
Ir
id
a
ea
 c
o
rd
a
ta
 (
T
u
rn
er
) 
B
o
r
y
 d
e 
S
a
in
t-
V
in
ce
n
t 
R
h
o
d
o
p
h
y
ta
 
n
o
w
 
  
  
  
X
 
X
 
X
 
  
X
 
X
 
X
 
L
it
h
o
d
er
m
a
 a
n
ta
rc
ti
cu
m
 S
k
o
tt
sb
er
g
 
P
h
ae
o
p
h
y
ce
ae
 
b
o
th
 
  
X
 
  
X
 
  
X
 
  
X
 
X
 
X
 
L
it
h
o
p
h
yl
lu
m
 a
n
ta
rc
ti
cu
m
 (
J.
D
.H
o
o
k
er
 &
 
H
ar
v
ey
) 
R
o
sa
n
o
ff
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
M
es
o
p
h
yl
lu
m
 s
p
. 
M
e.
L
em
o
in
e 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
X
 
  
  
  
  
  
  
 
  
M
o
n
o
st
ro
m
a
 h
a
ri
o
ti
i 
G
a
in
 
C
h
lo
ro
p
h
y
ta
 
n
o
w
 
  
  
  
  
  
  
X
 
  
 
  
M
yr
io
g
ra
m
m
e 
m
a
n
g
in
ii
 (
G
ai
n
) 
S
k
o
tt
sb
er
g
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
M
yr
io
g
ra
m
m
e 
sm
it
h
ii
 (
J.
D
.H
o
o
k
er
 &
 
H
ar
v
ey
) 
K
y
li
n
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
N
o
to
p
h
yc
u
s 
fi
m
b
ri
a
tu
s 
R
.L
.M
o
e*
*
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
X
 
  
  
  
  
  
  
  
 
  
P
a
lm
a
ri
a
 d
ec
ip
ie
n
s 
(R
ei
n
sc
h
) 
R
.W
.R
ic
k
er
 
R
h
o
d
o
p
h
y
ta
 
n
o
w
 
  
  
  
X
 
  
  
  
X
 
 
X
 
P
a
n
to
n
eu
ra
 p
lo
ca
m
io
id
es
 K
y
li
n
 
R
h
o
d
o
p
h
y
ta
 
n
o
w
 
  
  
  
  
X
 
  
  
  
 
X
 
P
a
ra
g
lo
ss
u
m
 s
a
li
ci
fo
li
u
m
 (
R
ei
n
sc
h
) 
S
.-
M
.L
in
, 
F
re
d
er
ic
q
 &
 H
o
m
m
er
sa
n
d
*
*
*
 
R
h
o
d
o
p
h
y
ta
 
b
o
th
 
X
 
  
  
  
  
X
 
  
  
 
  
P
h
yc
o
d
ry
s 
a
n
ta
rc
ti
ca
 (
S
k
o
tt
sb
er
g
) 
S
k
o
tt
sb
er
g
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
  
  
X
 
  
  
  
  
  
 
  
P
h
yc
o
d
ry
s 
a
u
st
ro
g
eo
rg
ic
a
 S
k
o
tt
sb
er
g
 
R
h
o
d
o
p
h
y
ta
 
n
o
w
 
  
  
  
X
 
  
  
  
  
X
 
  
P
h
y
ll
o
p
h
o
ra
 a
b
ys
sa
li
s 
S
k
o
tt
sb
er
g
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
  
  
X
 
  
  
  
  
  
 
  
P
h
y
ll
o
p
h
o
ra
 a
n
ta
rc
ti
ca
 A
.G
ep
p
 &
 
E
.S
.G
ep
p
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
  
X
 
X
 
  
  
  
  
  
 
  
P
lo
ca
m
iu
m
 c
a
rt
il
a
g
in
eu
m
 (
L
in
n
ae
u
s)
 
P
.S
.D
ix
o
n
 
R
h
o
d
o
p
h
y
ta
 
b
o
th
 
X
 
  
  
  
  
X
 
  
  
 
X
 
P
lo
ca
m
iu
m
 h
o
o
ke
ri
 H
ar
v
ey
 i
n
 J
.D
. 
H
o
o
k
er
 &
 H
ar
v
ey
 
R
h
o
d
o
p
h
y
ta
 
b
o
th
 
  
X
 
  
  
  
X
 
  
  
 
  
P
lo
ca
m
iu
m
 s
ec
u
n
d
a
tu
m
 (
K
ü
tz
in
g
) 
K
ü
tz
in
g
 
R
h
o
d
o
p
h
y
ta
 
n
o
w
 
  
  
  
  
  
  
  
  
 
X
 
P
o
rp
h
yr
a
 p
lo
ca
m
ie
st
ri
s 
R
.W
.R
ic
k
e
r
 
R
h
o
d
o
p
h
y
ta
 
n
o
w
 
  
  
  
  
  
  
  
X
 
 
X
 
 2
1
 
 
5
3
7
 
P
o
rp
h
yr
a
 s
p
. 
C
.A
g
ar
d
h
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
  
X
 
  
  
  
  
  
  
 
  
P
yl
a
ie
ll
a
 s
p
. 
B
o
ry
 d
e 
S
a
in
t-
V
in
ce
n
t 
 
P
h
ae
o
p
h
y
ce
ae
 
n
o
w
 
  
  
  
X
 
X
 
X
 
  
X
 
X
 
X
 
R
h
o
d
ym
en
ia
 s
u
b
a
n
ta
rc
ti
ca
 R
.W
.R
ic
k
er
 
R
h
o
d
o
p
h
y
ta
 
n
o
w
 
  
  
  
  
  
X
 
  
  
 
X
 
S
a
rc
o
d
ia
 s
p
. 
J.
A
g
ar
d
h
 
R
h
o
d
o
p
h
y
ta
 
M
L
 
  
X
 
  
  
  
  
  
  
 
  
T
re
m
a
to
ca
rp
u
s 
a
n
ta
rc
ti
cu
s 
(H
ar
io
t)
 
F
re
d
er
ic
q
 &
 R
.L
.M
o
e*
*
*
*
 
R
h
o
d
o
p
h
y
ta
 
b
o
th
 
X
 
  
  
  
  
  
  
  
 
X
 
U
lv
a
 s
p
. 
L
in
n
a
eu
s 
*
*
*
*
*
 
C
h
lo
ro
p
h
y
ta
 
n
o
w
 
  
  
  
  
  
  
  
X
 
 
X
 
U
lv
el
la
 l
ep
to
ch
a
et
e 
(H
u
b
er
) 
R
.N
ie
ls
en
 #
 
C
h
lo
ro
p
h
y
ta
 
n
o
w
 
  
  
  
X
 
  
  
  
  
 
  
U
ro
sp
o
ra
 p
en
ic
il
li
fo
rm
is
 (
R
o
th
) 
A
re
sc
h
o
u
g
 
C
h
lo
ro
p
h
y
ta
 
n
o
w
 
  
  
  
X
 
  
X
 
  
  
 
  
#
 T
h
es
e 
re
co
rd
s 
ar
e 
b
as
ed
 u
p
o
n
 l
iv
e 
is
o
la
te
s.
 B
o
th
 E
la
ch
is
ta
 a
n
ta
rc
ti
ca
 C
C
A
P
 1
3
0
8
/1
 (s
am
p
le
 #
 1
5
0
1
1
1
-5
 /
 A
N
T
1
0
.3
) 
an
d
 C
a
p
so
si
p
h
o
n
 g
ro
en
la
n
d
ic
u
s 
 C
C
A
P
 6
0
0
4
/1
 (
sa
m
p
le
 #
 1
5
0
1
1
1
-5
 /
 A
N
T
1
0
.1
) 
w
er
e 
is
o
la
te
d
 i
n
 c
o
m
m
u
n
it
y
 f
ro
m
 e
p
ip
h
y
ti
c 
P
y
la
ie
ll
a
 s
p
 .
 o
n
 
D
es
m
a
re
st
ia
 m
en
zi
es
ii
; 
 U
lv
el
la
 l
ep
to
ch
a
et
e 
 C
C
A
P
 6
0
0
0
/1
 w
as
 a
ls
o
 i
so
la
te
d
 f
ro
m
  
su
b
st
ra
tu
m
 s
am
p
le
 #
 2
0
0
1
1
1
-2
 /
 A
N
T
6
. 
- 
M
o
le
cu
la
r 
d
at
a 
a
re
 a
v
a
il
ab
le
. 
$
 G
. 
a
u
st
ro
g
eo
rg
ia
e 
w
as
 a
lw
ay
s 
ep
ip
h
y
ti
c 
o
n
 D
. 
m
en
zi
es
ii
. 
*
  
P
h
y
ll
o
g
ig
a
s 
g
ra
n
d
if
o
li
u
s 
is
 c
u
rr
en
tl
y
 r
eg
ar
d
ed
 a
s 
a 
ta
x
o
n
o
m
ic
 s
y
n
o
n
y
m
 o
f 
H
im
a
n
to
th
a
ll
u
s 
g
ra
n
d
if
o
li
u
s 
(M
o
e 
an
d
 S
il
v
a
, 
1
9
8
1
).
  
*
*
 N
o
to
p
h
yc
u
s 
fi
m
b
ri
a
tu
s,
 a
 n
ew
ly
 d
es
cr
ib
ed
 g
en
u
s 
an
d
 s
p
ec
ie
s 
o
f 
m
ar
in
e 
R
h
o
d
o
p
h
y
ce
ae
, 
w
as
 r
ec
o
rd
ed
 a
s 
Ir
id
a
ea
 u
n
d
u
lo
sa
 b
ac
k
 i
n
 1
9
7
6
 (
M
o
e,
 1
9
8
6
).
 
*
*
*
 D
el
es
se
ri
a
 s
te
p
h
a
n
o
ca
rp
a
 i
s 
cu
rr
en
tl
y
 r
eg
ar
d
ed
 a
s 
a 
ta
x
o
n
o
m
ic
 s
y
n
o
n
y
m
 o
f 
P
a
ra
g
lo
ss
u
m
 s
a
li
ci
fo
li
u
m
 (
L
in
 e
t 
a
l.
, 
2
0
1
2
).
 
*
*
*
*
 S
a
rc
o
d
ia
 m
o
n
ta
g
n
ea
n
a
 r
ec
o
rd
s 
fr
o
m
 1
9
7
6
 a
re
 r
ef
er
ab
le
 t
o
 T
re
m
a
to
ca
rp
u
s 
a
n
ta
rc
ti
cu
s 
(H
o
m
m
er
sa
n
d
 e
t 
a
l.
, 
2
0
0
9
).
 
*
*
*
*
*
 T
u
b
u
la
r 
/ 
E
n
te
ro
m
o
rp
h
a
 m
o
rp
h
o
lo
g
y
 
 2
2
 
 T
a
b
le
 2
. 
L
iv
e 
is
o
la
te
s 
o
f 
th
re
e 
al
g
al
 t
ax
a 
in
cl
u
d
ed
 i
n
 t
h
e 
p
re
se
n
t 
st
u
d
y.
 
5
3
8
 
 
5
3
9
 
I
s
o
la
te
 
n
u
m
b
e
r
 
S
p
e
c
ie
s
 n
a
m
e
 
D
a
te
 o
f 
c
o
ll
e
c
ti
o
n
 
L
o
c
a
li
ty
 
%
 i
d
e
n
ti
ty
 t
o
 c
lo
s
e
s
t 
re
la
ti
v
e
 w
it
h
 p
u
b
li
c
ly
 
a
v
a
il
a
b
le
 s
e
q
u
e
n
c
e
s
 
Q
u
e
ry
 c
o
v
e
r
 
e
 v
a
lu
e
 
E
B
I
 a
c
c
e
s
s
io
n
 
n
u
m
b
e
rs
 f
o
r
 
n
e
w
 s
e
q
u
e
n
c
e
s
 
(e
a
c
h
 c
o
n
ta
in
in
g
 
3
’-
1
8
S
 r
R
N
A
 
g
e
n
e
, 
IT
S
1
, 
5
.8
S
 
rR
N
A
 g
e
n
e
, 
IT
S
2
 
a
n
d
 5
’-
2
8
S
 r
R
N
A
 
g
e
n
e
) 
C
C
A
P
 
6
0
0
0
/1
 
(A
N
T
6
)
 
U
lv
e
ll
a
 l
e
p
to
c
h
a
e
te
 (
H
u
b
e
r)
 
R
.N
ie
ls
e
n
 
2
0
/0
1
/2
0
1
1
 
A
n
c
h
o
ra
g
e
 
Is
la
n
d
 
8
2
%
 
8
1
%
 
2
.0
0
E
-5
2
 
H
G
9
3
1
7
0
2
 
C
C
A
P
 
6
0
0
4
/1
 
(A
N
T
1
0
.1
)
 
C
a
p
s
o
s
ip
h
o
n
 g
ro
e
n
la
n
d
ic
u
s
 
(J
.A
g
a
rd
h
) 
K
.L
.V
in
o
g
ra
d
o
v
a
 
1
5
/0
1
/2
0
1
1
 
S
o
u
th
 C
o
v
e
 
9
8
%
 
9
9
%
 
3
.0
0
E
-1
5
6
 
 H
G
9
3
1
7
0
1
 
C
C
A
P
 
1
3
0
8
/1
 
(A
N
T
1
0
.3
)
 
E
la
c
h
is
ta
 a
n
ta
rc
ti
c
a
 
S
k
o
tt
s
b
e
rg
 
1
5
/0
1
/2
0
1
1
 
S
o
u
th
 C
o
v
e
 
9
9
%
 
9
1
%
 
0
 
 H
G
9
3
1
7
0
3
 
5
4
0
 
 2
3
 
 T
a
b
le
 3
. 
S
im
il
ar
it
y 
(m
ea
su
re
d
 b
y 
S
ø
re
n
se
n
 S
im
il
ar
it
y 
In
d
ex
) 
b
et
w
ee
n
 t
h
e 
as
se
m
b
la
g
es
 a
t 
ea
ch
 p
ai
r 
o
f 
si
te
s.
 
5
4
1
 
 
5
4
2
 
  
S
ø
re
n
se
n
 S
im
il
a
r
it
y
 I
n
d
e
x
 
Shared species 
  
H
e 
H
o
 
S
b
 
A
i 
B
w
 
C
i 
H
c 
H
b
 
S
c 
C
o
 
H
e 
  
0
.0
9
 
0
.1
0
 
0
 
0
.0
9
 
0
.2
 
0
 
0
.0
8
 
0
 
0
.1
8
 
H
o
 
1
 
  
0
.2
 
0
.1
3
 
0
 
0
.2
1
 
0
 
0
.1
3
 
0
.1
8
 
0
.0
9
 
S
b
 
1
 
1
 
  
0
 
0
 
0
 
0
 
0
 
0
 
0
.1
0
 
A
i 
0
 
1
 
0
 
  
0
.3
8
 
0
.5
2
 
0
 
0
.5
3
 
0
.6
7
 
0
.4
4
 
B
w
 
1
 
0
 
0
 
3
 
  
0
.5
3
 
0
 
0
.5
3
 
0
.5
5
 
0
.5
2
 
C
i 
3
 
2
 
0
 
6
 
5
 
  
0
 
0
.4
6
 
0
.4
4
 
0
.6
 
H
c 
0
 
0
 
0
 
0
 
0
 
0
 
  
0
 
0
 
0
 
H
b
 
1
 
1
 
0
 
5
 
4
 
5
 
0
 
  
0
.4
3
 
0
.6
9
 
S
c 
0
 
1
 
0
 
5
 
3
 
4
 
0
 
3
 
  
0
.3
6
 
C
o
 
3
 
1
 
0
 
6
 
6
 
9
 
0
 
9
 
4
 
  
H
e:
 H
en
k
es
 I
sl
an
d
 -
 1
9
7
5
 (
M
o
e 
&
 D
eL
ac
a 
1
9
7
6
) 
H
o
: 
H
o
rs
es
h
o
e 
Is
la
n
d
 -
 1
9
7
5
 (
M
o
e 
&
 D
eL
ac
a 
1
9
7
6
) 
S
b
: 
S
q
u
ar
e 
B
ay
 -
 1
9
7
5
 (
M
o
e 
&
 D
eL
ac
a 
1
9
7
6
) 
A
i:
 A
n
ch
o
ra
g
e 
Is
la
n
d
 -
 2
0
1
0
-2
0
1
1
 
B
w
: 
B
is
co
e 
W
h
ar
f 
- 
2
0
1
0
-2
0
1
1
 
C
i:
 C
h
es
h
ir
e 
Is
la
n
d
 -
 2
0
1
0
-2
0
1
1
 
H
c:
 H
an
g
ar
 C
o
v
e 
- 
2
0
1
0
-2
0
1
1
 
H
b
: 
H
o
n
ey
-b
u
ck
et
 -
 2
0
1
0
-2
0
1
1
 
S
c:
 S
h
ac
k
's
 C
ra
ck
 -
 2
0
1
0
-2
0
1
1
 
C
o
: 
S
o
u
th
 C
o
v
e 
- 
2
0
1
0
-2
0
1
1
 
 24 
 
Figure 1. Study sites around Rothera Point, Adelaide Island, Antarctica. 543 
 544 
Figure 2. Aplanochytrium cell associated with Elachista antarctica (ANT10.3) at 100x 545 
magnification (scale bars = 20µm). The Aplanochytrium cell can be seen to be rounded, around 546 
35 µm in diameter. Internally no zoospores can be seen, thus it is assumed that this is a somatic 547 
cell. The ectoplasmic net (arrowed) is seen to attach the cell to the brown algal filament and 548 
measures approximately 34-35 µm in length and 1-3 µm in width. The ectoplasmic net does not 549 
encase the cell and migration of the cell along the ectoplasmic net was not observable due to the 550 
nature of the mount. 551 
 552 
Figure 3. Maximum likelihood test of phylogeny of the 1635bp SSU rRNA sequence obtained 553 
from the Aplanochytrium sp. under investigation in this study. The sequence obtained shows 554 
strong support that this specimen falls within the Aplanochytrium clade (94/100) and that it is at 555 
an equal distance from all other Aplanochytrium sequences surveyed here (97/100). The key to 556 
the right indicates firstly the geographic location and secondly the substrate association of each 557 
sequenced tested. A trend can clearly be seen that substrate is a good predictor of branching 558 
affiliations within the genus. All sequences obtained associated with zooplankton, from three 559 
separate studies, form a monophylectic clade, while those obtained from sea grasses/algae, from 560 
six separate studies, with the exception of this novel basal sequence, form a paraphyletic clade. 561 
Within this second clade are two sequences labelled as being associated to unknown/unrecorded 562 
substrates: The first of these (Aplanochytrium sp. S1a) was found in salt marshes in Taiwan, the 563 
second (Aplanochytrium kerguelense) was taken from a culture collection and was originally 564 
described from sub-Antarctic waters. 565 
 566 
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